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Abstract
The effects of core polarization and tensor coupling on the magnetic moments in 13Λ C,
17
Λ O,
and 41Λ Ca Λ-hypernuclei are studied in the Dirac equation with scalar, vector and tensor poten-
tials. It is found that the effect of core polarization on the magnetic moments is suppressed
by Λ tensor coupling. The Λ tensor potential reduces the spin-orbit splitting of pΛ states con-
siderably. However, almost the same magnetic moments are obtained using the hyperon wave
function obtained via the Dirac equation either with or without the Λ tensor potential in the
electromagnetic current vertex. The deviations of magnetic moments for pΛ states from the
Schmidt values are found to increase with nuclear mass number.
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Since the first discovery of Λ hypernuclei by observing cosmic-rays in emulsion cham-
bers [1], hypernuclei – which are nuclei with one or more of the nucleons replaced with
hyperons – have been used as a natural laboratory to study hyperon-nucleon and hyperon-
hyperon interactions [2, 3, 4, 5, 6].
The magnetic moments of hypernuclei are important physics observables, since they
are sensitive to spin and angular momentum structure as well as spin-dependent hyperon-
nucleon interactions. In particular, these quantities provide direct information about the
properties of hadrons in the nuclear medium. The first study of hypernuclear magnetic
moments was performed for light p-shell hypernuclei within a three-body cluster model [7].
Thereafter, magnetic moments of light hypernuclei were theoretically studied within the
shell model, and predicted to be around the Schmidt lines [8]. However, the Schmidt
values are obtained from extreme single-particle model neglecting the core polarization
due to a particle or a hole added. Therefore, magnetic moments of hypernuclei may differ
from the Schmidt values, especially if exchange currents from heavier mesons or other
exotic phenomena are considered [9].
Relativistic mean-field (RMF) theory has been successfully applied in the analysis of
nuclear structure for nuclei ranging from light to superheavy elements [10, 11, 12, 13, 14],
as well as for studies of the magnetic moments of doubly closed shell nuclei plus or minus
one nucleon [15, 16, 17]. Hence, it is natural to apply RMF theory to study the properties
of hypernuclei [18, 19, 20, 21, 22], and in particular hypernuclear magnetic moments.
In the relativistic approach, the magnetic moments arise from a compensation of two
effects, namely, the enhancement of the valence charged particle current due to the reduc-
tion of the nucleon mass and the contribution of an additional current from polarized core
nucleons [15, 16, 17, 23]. However, this cancelation is not expected in a Λ-hypernucleus
due to the charge neutrality of a Λ hyperon. Therefore, the polarized proton current
induced by a valence hyperon causes the total magnetic moment to deviate from the
Schmidt value. Such deviation has even been suggested as an indicator of relativistic ef-
fects in nuclei [24, 25]. However, these relativistic calculations omitted the tensor coupling
of the vector field to the Λ [26]. The inclusion of a strong Λ tensor coupling will renor-
malize the electromagnetic current vertex in the nuclear medium, and bring the magnetic
moment of Λ-hypernucleus with ℓΛ = 0 close to the Schmidt value, though not for the
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case of ℓΛ 6= 0 [27]. In addition, the Λ tensor coupling will give rise to a tensor poten-
tial which is very important for the explanation of the small Λ hypernucleus spin-orbit
interaction [26, 28].
In view of these facts, in this letter, we study the effects of core polarization and tensor
coupling on the magnetic moments of Λ hypernucleus within a simple relativistic model
with scalar, vector potentials and for the first time we also consider tensor potential.
The Dirac equation for baryons (B = n, p,Λ) with a tensor potential is given by,
[
iγµ∂
µ − (MB + SB(r))− γµV
µ
B (r) +
fBv
gBv
1
2MB
σνµ∂
νV µB (r)
]
ψa(r) = 0 (1)
where σνµ =
i
2
[γν , γµ], MB is the baryon mass, SB(r) and V
µ
B (r) are the corresponding
scalar and vector potentials. For spherical nuclei, the space-like components of the vector
potential VB(r) vanish due to time-reversal invariance. The Dirac spinor ψα(r) (α =
{n, κ,m, τ}) is characterized by quantum numbers κ(= (ℓ − j)(2j + 1)), m, τ and n
– where ℓ and j represent the orbital and total angular momenta respectively, m is the
projection of j on the z-axis, τ denotes isospin and n refers to the radial quantum number
– and is given by,
ψα(r) =


i
Gnκ(r)
r
Fnκ(r)
r
σ · rˆ

Y ℓjm(θ, φ)χτ , (2)
where Gnκ(r)/r and Fnκ(r)/r are radial wave functions for the upper and lower compo-
nents and Y ℓjm(θ, φ) denotes the conventional spinor spherical harmonics. Substituting
Eq. (2) into Eq. (1) yields the following radial Dirac equations
ǫαGnκ =
(
−
d
dr
+
κ
r
+ UTB (r)
)
Fnκ +
(
M + SB(r) + V
0
B(r)
)
Gnκ, (3a)
ǫαFnκ =
(
+
d
dr
+
κ
r
+ UTB (r)
)
Gnκ −
(
M + SB(r)− V
0
B(r)
)
Fnκ, (3b)
with the tensor potential defined by UTB (r) =
fBv
gBv
1
2MB
∂rV
0
B(r).
In a Λ hypernucleus, due to the charge neutrality of a Λ hyperon, the Dirac Λ current
has no contribution to the Dirac magnetic moment, therefore the Dirac magnetic moment
in Λ hypernucleus is only given by polarization currents from the nuclear core. The
polarized electromagnetic current jemc can be approximated by summing the contributions
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from the perturbation due to the inclusion of Λ to all orders in symmetric nuclear matter
as [16, 24],
jemc =
1
2
kF∑
k,σ
ψ†N (k, σ)αψN (k, σ) = −
1
2
gΛv
gNv
ψ†Λ(t, σ)αψΛ(t, σ)[1 +
E∗kF
λNvρN
]−1, (4)
where λNv = g
2
Nv/m
2
v, k, σ and t, σ are respectively the momenta and spin of the nucleon
and the hyperon. The Fermi momentum kF is given by the density distribution of the
nuclear core ρN (r), kF = [
3π2
2
ρN(r)]
1/3, and the Fermi energy is E∗kF =
√
k2F +M
∗2
N , with
the scalar mass given by M∗N =MN + S(r) [29].
The Dirac magnetic moment corresponding to the current in Eq. (4) is,
µD = −
1
2
κj
(κ− 1
2
)(κ+ 1
2
)
(
2MΛc
2
~c
)
∫
drrFnκ(r)Gnκ(r)Bf(r), (5)
where the reduction factor Bf (r) is due to the core polarization,
Bf(r) =
gΛv
gNv
[1 +
E∗kF
λNvρN
]−1
MN
MΛ
. (6)
According to the Gordon identity, iψ¯Λσ
µνψΛ
(p+ p′)ν
2MΛ
= ψ¯Λγ
µψΛ− ψ¯ΛψΛ
(p+ p′)µ
2MΛ
, with p
and p′ being the momenta of the initial and final Λ [30], the inclusion of a tensor coupling
fΛv/gΛv = 1 will modify the vertex γ to be (p+p
′)/2MΛ. After partly being canceled, the
core polarized electromagnetic current in Eq. (4) is left with the core polarized convection
current [27],
jemc = −
gΛv
gNv
1
2MΛ
ψ¯Λ(t, σ)
∇
i
ψΛ(t, σ)[1 +
E∗kF
λNvρN
]−1. (7)
Therefore the inclusion of a tensor coupling modifies the Dirac magnetic moment in
Eq.(5) as,
µD = −
j
2
∫
r2dr
[
G2nκ(r)− F
2
nκ(r)−
Ωκ
2ℓκ + 1
G2nκ(r)−
Ωκ
2ℓ−κ + 1
F 2nκ(r)
]
Bf(r), (8)
where Ωκ = 1 (−1), ℓκ = −κ− 1 (κ) for κ < 0 (> 0).
In contrast, the tensor coupling and core polarization effects do not modify the anoma-
lous magnetic moment explicitly [27, 31],
µa = 2µBjΩκ
∫
r2dr
[
G2nκ(r)
2ℓκ + 1
+
F 2nκ(r)
2ℓ−κ+1
]
, (9)
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where the free anomalous gyromagnetic ratio µB are respectively: µp = 1.793, µn =
−1.913, and µΛ = −0.613 in nuclear magnetons (n.m).
As Woods-Saxon potentials are reliable and often adopted for the description of nu-
cleus, the scalar and vector potentials in Eq. (3) are chosen to be Woods-Saxon forms in
order to examine the tensor coupling and core polarization effects,
V 0B(r) + SB(r) =
U0
1 + e(r−R)/a
, (10a)
V 0B(r)− SB(r) =
−λsoU0
1 + e(r−R)/a
, (10b)
with the potential depth U0 = −46.4 MeV, diffusion parameter a = 0.6 fm, R = [1.19 −
0.45A−2/3]A1/3, and λso = 15.99 according to Ref. [27]. The masses of the baryons and
vector field are respectively, Mn = Mp = 939.0 MeV, MΛ = 1115.6 MeV, and mv =
784 MeV. The vector coupling constant is chosen as gNv = 13.0 [32] and gΛv/gNv = 2/3
according to a naive quark model. In addition, tensor coupling between nucleons has
been shown to be small [33], and hence the effect thereof is neglected in this paper, i.e.,
UTN(r) = 0.
The coupled differential equations (3) are solved using the shooting method [34] com-
bined with Runge-Kutta algorithms and employing appropriate boundary conditions in a
spherical box of radius R = 20 fm with a step size of 0.1 fm. The single-particle energies
for sΛ states in
13
Λ C,
17
Λ O, and
41
Λ Ca are −11.1,−13.1, and −19.2 MeV respectively. The
effect of the tensor potential UTΛ (r) is to reduce the spin-orbit splitting of pΛ states from
1.15, 1.40, and 1.10 MeV to 0.19, 0.25, and 0.23 MeV respectively. The results are in
agreement with the observed Λ binding energy -11.7 MeV, and the splitting size in pΛ
states 152± 54± 36 keV [35] in 13Λ C.
Table I displays the total magnetic moment µ for the Λ-hypernuclei 13Λ C,
17
Λ O,
41
Λ Ca, the
summation of the corresponding polarized Dirac magnetic moment µD and the anomalous
magnetic moment µa. The Schmidt values are given in the first row; those with “Rela-
tivistic” are obtained according to Eq. (4) without tensor coupling, i.e., tensor potential
UTΛ (r) = 0; those with “Tensor*” and “Tensor” are obtained according to Eq. (7), but
using the hyperon wave function in the Dirac equation either without or with the Λ tensor
potential.
In Table I, it is seen that there is a large difference between the Relativistic and
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TABLE I: Magnetic moments of Λ-hypernuclei 13Λ C,
17
Λ O,
41
Λ Ca in units of nuclear magnetons
(n.m), where the Schmidt values are given in the first row; those with “Relativistic” are obtained
without tensor coupling; those with “Tensor*” and “Tensor” are obtained according to Eq. (7),
but using the hyperon wave function in the Dirac equation either without or with the Λ tensor
potential.
µ (n.m.)
13
Λ C
17
Λ O
41
Λ Ca
1s1/2 1p3/2 1p1/2 1s1/2 1p3/2 1p1/2 1s1/2 1p3/2 1p1/2
Schmidt -0.613 -0.613 0.204 -0.613 -0.613 0.204 -0.613 -0.613 0.204
Relativistic -0.651 -0.644 0.184 -0.660 -0.662 0.170 -0.682 -0.718 0.153
Tensor* -0.611 -0.636 0.195 -0.611 -0.646 0.186 -0.611 -0.670 0.168
Tensor -0.611 -0.632 0.194 -0.611 -0.643 0.186 -0.611 -0.667 0.170
TABLE II: Polarized Dirac magnetic moments of Λ-hypernuclei 13Λ C,
17
Λ O,
41
Λ Ca in units of nuclear
magnetons (n.m.). The notations are the same as those in Table I.
µD (×10
−4 n.m.)
13
Λ C
17
Λ O
41
Λ Ca
1s1/2 1p3/2 1p1/2 1s1/2 1p3/2 1p1/2 1s1/2 1p3/2 1p1/2
Relativistic -395 -322 -215 -483 -503 -369 -701 -1065 -546
Tensor* 1.08 -241 -113 1.25 -346 -207 1.40 -580 -390
Tensor 1.12 -198 -124 1.29 -311 -203 1.51 -555 -372
the Schmidt magnetic moment. Such a difference is mainly due to the polarized Dirac
magnetic moments shown in Table II. After taking into account the tensor effect on the
current via Eq. (7), the difference almost disappears for the Λ hyperon in the 1s state.
Although this difference is greatly suppressed, there is still a 5% − 25% difference for a
Λ hyperon in the 1p state. Using the hyperon wave function obtained from the Dirac
equation either without or with the Λ tensor potential, the effect of UTΛ on the magnetic
moment has been studied as in Table I. Although the tensor potential is very important in
reducing the spin-orbit splitting, its effect on the magnetic moment via the wave function
is less than 0.1%. As shown in Fig. 1, for 1s1/2, 1p3/2, 1p1/2 states of a Λ hyperon in
17
Λ O, the wave functions are almost the same irrespective of whether or not the Λ tensor
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potential is included in the Dirac equation. Therefore the effect of the tensor potential
on magnetic moments is small according to Eq. (8).
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FIG. 1: The G(r) and F (r) components in the Dirac spinors for the 1s1/2, 1p3/2, 1p1/2 Λ hyperon
states in 17Λ O. The solid (dotted) lines are obtained with (without) the tensor potential.
As shown in Table I, the differences with the Schmidt values for both sΛ and pΛ states
increase with the mass number, which is due to the reduction factor Bf(r) in Eq. (6). As
M∗2N ≫ k
2
F , one has Bf(r) ∝ [1 +
M∗N
λNvρN(r)
]−1, i.e., large density distribution will lead
to large Bf(r). In Fig. 2, the reduction factor Bf (r) and the ratio Bf/ρN for
13
Λ C,
17
Λ O,
41
Λ Ca are given. The ratio Bf/ρN decreases monotonically around 1.45 fm
3 to a constant
value 1.26 fm3 for ρN(r) → 0. Compared with
13
Λ C and
17
Λ O, the reduction factor Bf (r)
for 41Λ Ca is much larger, which results in a large difference from the Schmidt magnetic
moment shown in Table I.
In summary, core polarization and tensor coupling effects on the magnetic moments
have been studied within a Dirac equation with scalar and vector potentials for 13Λ C,
17
Λ O,
41
Λ Ca Λ-hypernuclei. The effect of core polarization on the magnetic moments is suppressed
by Λ tensor coupling. Although, the Λ tensor potential reduces the spin-orbit splitting of
pΛ states considerably, it has a negligible effect on the magnetic moments. The deviations
of magnetic moments for pΛ states from the Schmidt values are found to increase with
nuclear mass number. There is urgent need for experimental data to test these effects.
It has to be pointed out that core polarization and tensor coupling effects on the
magnetic moments of hypernuclei have been considered based only on the perturbation
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FIG. 2: The reduction factor Bf (r), defined by Eq. (6) and the ratio Bf/ρN for
13
Λ C,
17
Λ O,
41
Λ Ca,
where ρN (r) refers to the density distribution of the nuclear core.
theory for the symmetric nuclear matter. A more self-consistent calculation in finite
hypernuclei is required, in which all the nucleons and hyperon are treated on the same
footing. The latter will be presented in a future paper.
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